ABSTRACT
Introduction
theoretical and experimental evidence support the hypothesis that the genomes and the epigenomes may be different in the somatic cells of complex organisms. Somatic genome variations (SGV) may accumulate during development in response to genetic programs, which may differ from tissue to tissue, and to environmental stimuli, which are often undetected and generally irreproducible (1) . the variation can be generated by high-frequency chromosomal recombination, transposition, cis-element-enhanced gene amplification and repetitive sequence-based changes in nuclear DnA content (18) . A large proportion of retrotransposons are generally inactivated by various mechanisms (such as DnA methylation) during plant development (10) . however, they may be activated by different biotic or abiotic stress conditions like wounding, pathogen attack, different drug or chemical applications (6, 12, 31) . Bonchev et al. (3) showed that ethyl methanesulfonate (eMS) induced transcriptional activation of BARE1 and WIS 2-1A retrotransposons.
Retrotransposons are an abundant class of mobile genetic elements (14) and encode the proteins needed for their own replication and integration back into the genome (23) . Due to their "copy-and-paste" mechanism, genomes diversify through the insertion of new retrotransposon copies, but old copies persist. their abundance in the genome is generally highly correlated with genome size (24) . Retrotransposon-based markers rely on retrotransposition that results in insertion of retrotransposon copies and therefore generates polymorphism (15) . In the inter-retrotransposon amplified polymorphism (iRAP) technique, which generates retrotransposon-based markers, regions flanked by two LTR-retrotransposons or solo LTRs are amplified (24) . in this method, polymorphisms are detected by the presence or absence of the PcR product and lack of amplification indicates absence of the retrotransposon at a particular region (13) . iRAP has been used in studies on the genetic relationships between varieties and related species (8), for gene mapping (19) and for characterization of somaclonal variants (5, 21) . the behavior of Tnt1 retrotransposons differs between host species, most probably in correlation with differences in expression conditions, and in the evolutionary and environmental history of each host (7) . there are very limited data on the environmentally and developmentally (eD) regulated genomic variation. Further research is required to understand the cytogenetic, DnA-structural and generegulation basis of eD-genomic variation, and to study the importance of eD-genomic variation for population genetics, adaptation, domestication, evolution, medical science, plant science and agriculture (18) . the objective of this study was to compare BARE1 and BAGY2 retrotransposon insertion patterns of germinating
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barley seedling parts (roots and shoots separately) and also to analyze the transcription products of these retrotransposons in different organs.
Materials and Methods
Barley (Hordeum vulgare l. cv. tokak 157/37) mature seeds were surface-sterilized in 20 % commercial bleach and were rinsed with sterile distilled water 3 times. the embryos were germinated between moist filter papers for 10 days in a programmed growth chamber (25 °c, 16/8 h light/dark). on the 10 th day, the germinated roots and shoots of each plant were harvested individually. Mature embryos were immersed in water for 16 hours and used as control material. DnA and RnA were isolated from five embryos, five roots and five leaves at the same time, by using tRi Reagent ® (Sigma, t9424) according to the manufacturer's instructions. Spectrophotometric assays were conducted to determine the quantity and quality of the isolated DnA and RnA. DnA concentrations were equalized. the same procedure was performed for RnA samples. the amplification of BARE1 and BAGY2 internal sequences was carried out using both DnA and RnA (template for cDnA), whereas iRAP was performed only with DnA.
IRAP analysis
BARE1 and BAGY2 movements were investigated by the iRAP technique. BARE1 (LTR6149 -5'LTR2) and BAGY2 (E0521 -E0520) primers were used in iRAP analysis designed by leigh et al. (16) and Zein et al. (32) . the primer sequences are shown in Table 1 . PcR was performed by using a thermal cycler (Techne, TC3000) in a total volume of 20 μL, containing 60 ng of template DNA, 10 pmol/μL forward and reverse primers and Dream taq tM PcR Master Mix 2X (K1071, Fermentas). PcR conditions were as follows: initial denaturation at 95 °c (3 min) followed by 30 cycles of denaturation at 94 °c (30 s), annealing at 58 °c for BARE1 and 52 °c for BAGY2 (30 s) and extension at 72 °c (3 min). the reaction was completed by additional extension at 72 °c for 10 min.
twenty-microliter aliquots of iRAP-PcR products were mixed with 4 μL 6X loading buffer (10 mmol/L Trishcl, 60 mmol/l eDtA, ph 8.0, 0.3 % bromophenol blue, 60 % glycerol) and resolved in 6 % polyacrylamide (29:1 Acrylamide: Bis) gel electrophoresis at 150 V for 6 h in 1X tBe buffer (90 mmol/l tris, 90 mmol/l boric acid and 2 mmol/l eDtA, ph 8.0). A molecular weight marker (GeneRuler tM DnA ladder Mix, SM0331, Fermentas) was also loaded to determine the sizes of the amplicons. Gels were stained for 15 min in 1X tBe buffer containing 0.5 µl/ml ethidium bromide. After staining, gels were rinsed with distilled water and photographed on a UV transilluminator. the iRAP bands were scored visually.
Data analysis
Well-resolved bands were scored as a binary value, "1" for presence and "0" for absence. the binary matrix (1/0) was used to calculate the similarity by Jaccard's coefficient (11) among embryo, 10-day-old roots and leaves. Due to the dominant nature of IRAP (2), the Jaccard's coefficient, one of the appropriate indices for dominant markers, was chosen. the Jaccard's similarity index was calculated using the formula: HV/actin-R GcttctccttGAtGtcccttA BARE1 and BAGY2 internal domain analysis BARE1 and BAGY2 internal domains were investigated on both genomic DnA and cDnA of the embryos, 10-day-old roots and leaves. Prior to PcR analysis, cDnAs were synthesized from RnA samples with the following steps: Dnase i (Rnase-free, AM224, Ambion) was added to the RnA samples to prevent DnA contamination. to check the contamination, PcR with actin primers was performed with the same PcR conditions except for the annealing temperature, which was adjusted to 52 °c. cDnA synthesis was carried out using cDnA synthesis kit (transcriptor high Fidelity cDnA Synthesis Kit, 05091284001, Roche) according to the manufacturer's instructions. BARE1-gag, BAGY2-env and BAGY2-rt internal domains were investigated in barley seeds, roots and leaves on both genomic DnA and cDnAs using suitable primers (25, 27, 28) . to analyze BARE1-gag and BAGY2-env, PcR was performed in a total volume of 25 μL, containing 13.25 μL of sterile distilled water, 2.5 μL of 10X buffer (1X), 2.5 μL of 25 mmol/l Mgcl 2 (2.5 mmol/L), 1 μL of 2 mmol/L dNTP mixture (2.5 mmol/L), 1 μL of each primer (0.4 pmol/μL), 2 μL of 30 ng/μL of template genomic DNA and cDNA (60 ng, 1 ng/μL), 0.25 μL of 5 U/μL High Fidelity PCR Enzyme Mix (K0192, Fermentas). the values given in parentheses were the final concentrations. PCR conditions were as follows: initial denaturation at 95 °c (3 min) followed by 30 cycles of denaturation at 94 °c (30 s), annealing at different temperatures which are indicated in Table 2 (30 s) and extension at 72 °c (1 min). the reaction was completed by additional extension at 72 °c for 10 min. twenty microliters of PcR products were mixed with 4 μL 6X loading buffer and were resolved in an agarose gel (1 % concentration) at 70 V for 40 min in 1X tAe buffer. A molecular weight marker (GeneRuler tM DnA ladder Mix, SM0331, Fermentas) was also loaded to determine the size of the amplicons. After running, the gels were photographed on a UV transilluminator.
the BARE1-rt region was also investigated by PcR according to Vicient et al. (28) . however, a temperature curve was adjusted to increase from 56 °c to 72 °c in 3 min in this work. Amplifications were performed in a total volume of 20 μL, containing 60 ng of template DNA, 10 pmol/μL forward and reverse primers and high Fidelity PcR enzyme Mix (K0191, Fermentas). The amplification conditions were as follows: initial denaturation at 95 °c (5 min) followed by 7 cycles of denaturation at 94 °c (30 s), allealing at 47 °c to 41 °c (30 s, temperature decreased by 1 °c in each cycle) and extension at 72 °c (3 min). After the extension, the second part of the touchdown PcR was carried out with 30 cycles of denaturation at 94 °c (30 s), annealing at 56 °c (30 s, a temperature curve was adjusted to increase from 56 °c to 72°c in 75 s), extension at 72 °C (1 min) and a final extension at 72 °C (10 min). PCR products were analyzed as described above.
Cloning
BARE1 and BAGY2 internal domains, amplified from genomic DnA and cDnA, were then checked by agarose gel electrophoresis. the DnA bands of the expected sizes were purified from the gel using Zymogen tM Gel Recovery Kit (Zymo Research D4001) and ligated into pJet/blunt plasmid vectors which were then transformed to JM-107 competent Escherichia coli cell line.
the competent E. coli cell line was obtained using the cacl 2 and Mgcl 2 method. E. coli cells were incubated in SoB agar medium (20 g of tryptone, 5 g of yeast extract, 0.5 g of nacl, 15 g of agar, 10 ml of 250 mmol/l Kcl, 2 mol/l of Mgcl 2 , ph 7.0) at 37 °c for 16 h. Single colonies were taken and incubated at 37 °c at 1500 rpm in SoB broth medium (20 g of tryptone, 5 g of yeast extract, 0.5 g of nacl, 10 ml of 250 mmol/l of Kcl, 2 mol/l of Mgcl 2 , ph 7.0). the culture cell density was measured at 550 nm by spectrophotometry. the incubation was terminated when the oD reached 0.5, indicating that E. coli entered the log phase. then, E. coli cells were centrifuged at 4 °c at 10000 rpm for 5 min. the bacteria pellet was air dried and 500 μL of 100 mmol/L cold MgCl 2 was added. After waiting 10 min on ice, samples were centrifuged at 4 °C at 10000 rpm for 5 min, 500 μL of 100 mmol/L cold cacl 2 was added and the samples were kept on ice for 30 min. After centrifugation at 4 °c at 10000 rpm for 5 min, cells were precipitated and 40 μL of 100 mmol/L CaCl 2 and 10 μL glycerol were added onto the pellet. cells were then used for transformation which was carried out using a cloneJet™ PcR cloning Kit (K1231, Fermentas). then, colony PcR was performed to detect recombinant colonies for gag, env and rt.
PCR was performed with 10 µmol/μL forward and reverse primers in high Fidelity enzyme Mix (Fermentas, K0192) using a thermal cycler. Primers were obtained from cloneJet PcR conditions were as follows: initial denaturation at 95 °c (3 min) followed by 25 cycles of denaturation at 94 °c (30 s), annealing at 60 °c (30 s) and extension at 72 °c (1 min). the reaction was completed by additional extension at 72 °c for 10 min. the colony PcR products were checked on a 1 % agarose gel. the colony bands of the desired size were inoculated into 100 mg/ml SoB medium containing 100 µl of ampicillin and were incubated at 37 °c at 150 rpm for 16 h. the plasmid isolation was carried out using qiAprep Spin Miniprep Kit (27104, qiagen) and plasmids were digested with FastDigest Bglii (FD0083, Fermentas) . the products were used for sequence analysis. The sequence was then confirmed by the national center for Biotechnology information (ncBi), Basic local Alignment Search tool (BlASt).
Results and Discussion
in this study we investigated the alterations of retrotransposon movements by a molecular marker technique (iRAP) and analyzed the expression of BARE1-gag, BAGY2-env and BAGY2-rt internal domains in mature embryo (derived from seeds soaked in water for 16 h), as well as in 10-day-old root and leaf tissues of barley derived from the same plant. the iRAP method was carried out using genomic DnA, while internal domains were analyzed both on genomic DnA and cDnA.
Retrotransposition events embryos dissected from seeds soaked in distilled water for one night (16 h), and leaves and roots of 5 individual seedlings which were harvested on the 10 th day of germination were used for DnA isolation and iRAP-PcR analyses. the resulting PcR products were separated on a 6 % PAGe (Fig. 1) . there were no polymorphisms among embryo samples (data not shown). therefore, only one embryo was compared to 10-day-old root and leaves. BARE1 polymorphism was observed not only in different but also among same tissues. A total of 26, 11 polymorphic and 15 monomorphic, bands obtained with BARE1 (ltR6149-5'ltR2) primers were evaluated according to Jaccard's similarity coefficient. Between the embryo and roots, 2 polymorphic bands for embryo, 2 polymorphic bands for root and 5 monomorphic bands were scored. Between the embryo and leaves, 3 polymorphic bands for leaves and 6 monomorphic bands were found. Moreover, between roots and leaves, 4 polymorphic bands for leaves and 4 homomorphic bands were observed. the highest similarity value was between the embryo and the leaves (66 %), and the lowest similarity was between the roots and leaves (50 %) ( Table 3) . the analysis of the similarity indices showed that retrotransposon movements alter during development. on the other hand, there were no BAGY2 retrotransposition movements among the embryo, roots or leaves.
BARE-1 and BAGY-2 internal domain analysis
BARE1-gag and BAGY2-env and rt domains were amplified using both genomic DnAs and cDnAs. PcR products were then analyzed on a 1 % agarose gel.
BARE1-gag domain. Genomic DnA and cDnA samples were used as a template for the amplification of BARE1-gag. PcR products were run on a 1 % agarose gel and were observed under UV light (Fig. 2) . BAGY2-gag PcR analysis indicated that the genomic DnA of the embryo, roots and leaves contained the gag domain, whereas the cDnAs produced no bands. BAGY2-env domain. the BAGY2-env domain was also amplified using both genomic DNAs and cDNAs. PCR products were run on a 1 % agarose gel and were observed under UV light (Fig. 3) . BAGY2-env domain was observed in both genomic DnAs and cDnAs. cDnA samples derived from the embryo showed higher expression than those from the leaves. on the other hand, there were no bands for the root cDnAs. Different expression profiles were monitored among individuals with cDnAs obtained from the embryo and the leaves. 
TABLE 3
Jaccard's similarity indices (%) among the embryo, roots and leaves for BARE1 results 10-day-old roots 10-day-old leaves embryo 55 66 10-day-old roots 50 BAGY2-rt domain. the BAGY2-rt domain was observed in genomic DnAs from embryo, root and leaves, as well as in cDnA samples. however, like BAGY2-env domains, BAGY2-rt domains showed different expression profiles among different individuals (Fig. 4) . 
Sequence results
PcR products of gag, env and rt domains from genomic DnA samples were recovered using Zymogen tM Gel Recovery Kit (Zymo Research D4001). isolated products were controlled on a 1 % agarose gel and were ligated into pJet/ blunt plasmid vectors which were then transformed to JM-107 competent Escherichia coli cell line. Plasmid isolation was performed using qiAprep Spin Miniprep Kit (27104, qiagen) and plasmids were digested with FastDigest Bglii (FD0083, Fermentas). Products were then used for sequence analysis, which was carried out by the national center for Biotechnology information (ncBi), Basic local Alignment Search tool (BlASt). the sequencing results showed that the PcR products shared 91 %, 93 % and 84 % similarity with BARE1-gag, BAGY2-env and BAGY2-rt domains, respectively.
Final remarks the study of the roots and leaves derived from the same embryo demonstrated that the movements of the BAGY2 retrotransposon were more stable compared to those of BARE1. to date, most of the studies have reported that BARE1 is the most abundant retrotransposon in barley (26) . in addition, the comparison of the most widely studied retrotransposons in barley showed BARE1 and BAGY2 to be more active; considering BARE1 > BAGY2 = Sukkula > Nikita > Sabrina (16) . in our study, we also observed BARE1 to be more active than BAGY2 both in the leaves and roots developed from the same embryo.
in the BARE1-gag internal domain analysis with PcR, amplification was observed from genomic DNA but not from cDnA. the BAGY2-env domain was amplified from both embryo and leaf cDnAs. on the other hand, the env domain gave negative results in root tissue, indicating that this domain is not active in roots. the BAGY2-rt domain displayed positive results both with genomic DnA and cDnA in all tested materials, but PcR products of this domain were different among individuals. the cloned internal domains were sequenced. As a result of sequencing, amplified internal domains showed very high similarity with BARE1 and BAGY2 internal domains (BARE1-gag, 91 %; BAGY2-env, 93 % and BAGY2-rt, 84 %). BARE1-gag, BAGY2-env and rt domains were proven to be related to the replicated products.
BARE1 has two different transcripts, as it has two different promoter regions. expression of BARE1-gag and pol domains is generally controlled by two different promoters (28) . however, a single transcript has been reported in some studies on the expression of the two regions (20, 30) . in this study, amplification of BARE1-gag internal domain in embryos, roots and leaves from genomic DnA, but not from cDnA, may indicate regulation of the transposon expression by two different promoters.
The PCR amplification results obtained for the BAGY2-rt domain were similar to those for env. these two domains showed different expression profiles among individuals. On the other hand, the BAGY2-rt domain gave positive results both with genomic DnA and cDnA, but no bands were obtained from root cDnA samples when the BAGY2-env domain was analyzed.
there are various explanations for somatic activities of moving elements. Some researchers believe that somatic events are insignificant to the host and that the importance of transposable elements for the differentiation of the germline is negligible. In another two conflicting views, the somatic events are considered to be beneficial or harmful to the host. The latter has been proposed after the observation of the activity of the nervous tissue retrotransposon l1 (22) . transposable elements were long believed to be active in the germline rather than the somatic cells. A recent study identifying R2 retrotransposon insertions in somatic cells of Drosophila embryos, have suggested that the transposons are also mobile in somatic cells (4) . there are also studies that mark differences in the expression of retrotransposons during development. Vukich et al. (29) examined the expression differences between copia and gypsy elements in sunflower (Helianthus annuus l.) root, leaf and flower tissues.
In recent years, different expression profiles of transposons in different developing tissues have been studied. Faunes et al. (9) reported different expression profiles of Tc1 family transposons in the nervous system of Xenopus tropicalis. the importance of the developmental regulation in the expression of the transposons in the corn plant was shown by li et al. (17) . transposons that are active in germline tissues are being epigenetically silenced, especially in the vegetative phase. however, research on transposon expression regulations during plant development is limited.
